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- This invention relates to the production of 4-amino-3-
isoxazolidone compounds.  More particularly, the inven-
tion pertains to the synthesis: of 4-amino-3-isoxazolidone
compounds conforming to the following structural formu-

Rx—-CH—?E—-NHz

N /CO
N
Ho @

wherein R; represents hydrogen, alkyl, aryl or aralkyl.
Compounds having the Formula I above are produced

according to . this invention by treating a mixture of hy-

droxylamine and an ester having the general formula

Ri~CH-CH—COOR,

X NH; In

wherein R; represents hydrogen, alkyl, aryl or aralkyl,
R, represents alkyl and X represents halogen

with a strong base in the presence of water. Methods
for isolating the end product are also within the scope of
this invention. ‘ S :

In Formula II above, alkyl groups represented by Ry
and Ry are preferably lower alkyl groups, for example,
methyl, ethyl, propyl and isopropyl. Aryl groups repre-
sented -by R, include unsubstituted
tuted monocyclic- hydrocarbon radicals such as phenyl,
p-tolyl, o-tolyl, xylyl, etc. Aralkyl groups represented by
R; inclirde monocyclic hydrocarbonaralkyl radicals such
as benzyl, phenethyl, etc. "X represents the halogen at-
oms chlorine, bromine, iodine or fliiorine.

- Illustrative of esters corresponding to Formula IT above
which are useful as starting materials are o-amino-g-chlo-
ropropionic acid methyl ester, a-amino-g-chlorobutyric
acid methyl ester, a-amino-g-chloro-g-phenylpropionic
acid ethyl ester, o-amino-g-bromo-y-phenylbutyric acid
methyl ester,’ «-amino-g-iedopropionic ‘acid propyl ester,
etc. The free esters corresponding to Formula I above
or their salts, for example, mineral acid salts such as the
hydrochloride, hydrobromide or- sulfate, which. pérmit
easier handling may be used .as starting material. The
hydroxylamine’ may also be itilized i the form of an
acid salt’such as a fatty acid salt, e. g. the acetate, or
such as a mineral acid'salt, e. g. the hydrochloride ‘or sui-
fate, When salts as described above are treated with a
strong. base’ according to - this invention free hydroxyl-
amine and free a-amino-g-halogen carbonic acid ester are
produced initially, then the reaction of the latter occurs
to form the desired product. .

The starting materials may be produced, for example,
by reaction of phosphorus. pentachloride with the appro-
priate e-amino-g-hydroxy. acid ester according ‘to the
method of E. Fischer, Berichte der Déutschen Chemischen
Gesellschaft, 40, page'3719 (1907).

. Strong bases which' may be used in the process. of this
invention irclude. inorganic bases such as alkali metal hy-
droxides, preferably sodium, . potassinm or lithjum hy-
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droxide, and organic aliphatic bases such as tri-lower al-
kylamines; preferably trimethylamine of triethylamine,

The starting materials arc utilized in a proportion of
about 3 to 4 mols of hydroxylamine to about 2 mols of
ester. About 3 to 4 mols of base are used in the reaction.
Temperatures in the range of about —5° to 60° C. are
advantageous for carrying out the process.

According to a preferred modification of this inven-
tion, an inorganic base such as sodium, potassitm or
lithium hydroxide in aqueous solution is utilized as the
basic agent. " In order to separate - the- 4-amino-3-isox-
azolidone product from.the alkal metal salts resulting
from the reaction, the “alkaline reaction mixture is first:
acidified to a pH slightly less than 6 with a mineral acid,
advantageously by means of hydrochloric acid. Then by
means of an organic amine, e, 8., a lower alkylamine
such as. methyl, diethyl- or triethylamine, the reaction
mixture is made alkaline to phenolphthalein. An ali-
phatic lower alky!l aleohol or ketone such as ethanol or
acetorie is introduced, whereby the halogen salt, which is
only slightly soluble in the alcohol or ketone, precipi-
tates out and may be separated while the soluble amine
salt of the 4-amino-3-isoxazolidone compound remains 'in
solution. ‘The 4-amino-3-isoxazolidone compound may
beisolated from this solution by adding acid and ¢ooling
to induce crystallization.

A second preferred modification for isolating the 4-
amino-3-isoxazolidone compounds comprises freeing the
4-amino-3-isoxazolidone ‘from - its salt by the addition of
acid to the alkaline reaction solution and pouring the solu-
tion into alcohol or acetone, whereby the 4-amino-3-isox-
azolidone compound. and the halogen salts separate out,
To separate the 4-amino-3-isoxazolidone compound from
the halogen salts, the mixture js suspended in alcohol or
acetone and treated with an organic base such as diethyl-
amine. This effects the separation of the halogen salts
which are only slightly soluble in organic solvents. The
addition of an acid, preferably glacial acetic acid, brings
about the separation of the dissolved 4-amino-3-isox-
azolidone compound.

A particularly preferred modification comprises using
aqueous methanol as the solvent. - This permits the iso-
lation and : separation of the 4-amino-3-isoxazolidone

. compounds from the inorganic salts and the precipita-

tion of the salts from the organic solvent in a simple man- .
ner. One éspecially advantageous procedure for- isolat-
ing and. separating the 4-amino-3-isoxazolidone - com-
pounds from the halogen salis comprises adding an al~
cohol, especially ethanol, or the addition of a dehydrat-
ing agent which effects the precipitation of the salt and
permits its separation.. Then the 4-amino-3-isoxazolidone
compound which is dissolved in the alkaline filtrate is
freed from the alkali salt with an organic acid, prefera-
bly glacial acetic acid, and cooled to induce crystalliza-
tion. -

According to'a further preferred modification of the
invention an organic aliphatic base may be used as. the
basic agent, e, g. a tri-lower alkylamine such as triethyl-
amine or {rimethylamine. For this modification - an
aqueous aliphatic lower alkyl aleohol, for example, aque-
ous methanol or ethanol, is preferably used as the re-
action medium. Since the hydrohalide salts of the
above mentioned strong organic bases are alcohol sol-
uble, ‘it is not necessary to separately effect their sep-
aration from the reaction mixture before initiating the
crystallization of the ‘4 - amino - 3-isoxazolidone -com-
pound, ’ o e

The 4-amino-3-isoxazolidones may also be isolated by
use of ion exchange means. ‘

The products made according to this invention .are
useful as antibacterial agents and may be utilized.in treat-
ing infections caused by organisms snch as pneumococci,
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E. coli and S. schottmuelleri. They dre also useful in
treating tuberculosis. Certain members of the class are
in addition useful as sedatives. Therapeutic dosages in
conventional forms may be administered orally.

Compounds utilized in this invention occur in optical-
ly active isomeric forms and racemic mixtures thereof.
This invention may be applied to and encompasses with-
in its scope all such embodiments.

Example 1

13.2 parts by weight of sodium hydroxide were dis-
solved in 60 parts by weight of water and were treated
gradually with 7.1 parts by weight of hydroxylamine
hydrochloride while stirring below 0° C. To the clear
solution were added 17.4 parts by weight of DL-a-
amino-g-chloropropionic acid methyl ester hydrochloride
in. small quantities so that the temperature did not ex-
ceed 0°. The solution was stirred for 15 minutes at 0°.
The pH of the solution was adjusted to 6 with ethanolic
hydrochloric acid. Approximately 11 parts by weight of
triethylamirie were added until the solution was alkaline
to phenolphthalein, then 800 parts by volume of ethanol
were added.  -After standing for a short time in the cold,
sodium chloride precipitated and was separated by fil-
tration. The alcoholic filirate was adjusted to pH 6.2
with ethanolic hydrochloric acid and left to crystallize
overnight in-a refrigerator. ~The crystalline material was
filtered and washed with absolute alcohol, then recrys-
tallized from 2% volumes of water and 15 to 20 vol-
umes of ethanol to obtain DL-4-amino-3-isoxazolidone,
M. P, 142° C. (with dec.). '

Example 2

70.4 parts by weight of sodium hydroxide were dis-
solved in 400 parts by volume of water and cooled to

about 5° C. Then 39.2 parts by weight of hydroxyl--

amine hydrochloride were introduced in small portions
so that the temperature did not exceed 10° C. Then
69.6 parts by weight of DL-x-dmino-g-chiloropropionic
acid methyl ester hydrochloride were introduced in
small amounts and the mixture was let stand for 3%2
hours while stirring and cooling with ice. The mix-
ture was then warmed to 60° C. for 12 minutes, cooled
immediately with ice and the solution was then concen-
trated to about 275 parts by volume in an evaporator.
By the addition of ethanolic hydrochloric acid the pH
was adjusted to_6.2. 4000 parts by volume of ethanol
were added while stirring whereupon there precipitated
a mixtire of halogen salts and DL-4-amino-3-isoxazoli-
done. The mixture was permitted to stand for 20 hours
iri the refrigerator, then was filtered by suction and
dried. ] .

The DL-4-amino-3-isoxazolidone was separated from
the halogen salts by finely pulverizing the dry mixture
obtained above and warming at 60° C. in a mixture of
4100 parts by volume of absolute alcohol, 41 parts by
weight of water and 68 parts by weight of diethylamine
for 15 minutes. The precipitate which formed was then
filtered off, the filtrate was cooled to about 5°, treated
with 40 parts by weight of animal charcoal, and filtered.
While stirring and cooling with ice, encugh glacial ace-
tic acid was added to the filtrate until a water diluted
sample showed a pH of 4.8 to 5.0, wheréupon DL-4-
amino - 3-isoxazolidone separated in pure form. After
standing 20 hours in the refrigerator, the mixture was
filtered by stiction and the residue on the filter was dried
to obtain pure DL-4-amino-3-isoxazolidone, M. P. 140-
142° C.

Example 3

Into a mixture of 49 parts by volume of 30% sodium
hydroxide, 80 parts by volume of water and 40 parts
by volume of ice there were intreduced porticnwise 10
parts by weight of hydroxylamine hydrochloride -and
then (while cooling) 17.4 parts by weight of DL-o-
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4
amino-g-chloropropioni¢ acid methyl ester hydrochloride
at a rate so that the temperature did not exceed 0°.
After the introduction of the reactants, the mixture was
stirred for 1% hours while cooling with ice, then warmed
for 15 minutes at 45° C. and again cooled. The DL~
4-amino-3-isoxazolidone was isolated from the alkaline
reaction solution by the procedure described in Ex-
ample 2. :
Example 4

DL-4-amino-3-isoxazolidone produced as described in
example 3 was also obtained in crystalline form through
the use of Amberlite IRA 400 ion exchange resin. -Ac-
cording to this modification, the reaction solution was
tuffered to pH 7 with acetic acid while cooling and
passed over a cation exchange resin. The resin was
washed acid free with water and the DL -4 - amino-3-
isoxazolidone was eluted with 0.5 N ammonia. The
slightly yellow ammonia solution which was obtained
was decolorized with carbon and concentrated in vacuo
at 35° to 60 parts by volume. The pH was adjusted to
6.2 with 15% hydrochloric acid and about 300 parts
by volume of absolute alcohol were added. The mix-
ture was then kept at —10° C. to permit crystallization
to occur. The crystalline material was separated and
triturated with a 10-fold amount of methanol, then dis-
solved in 2Vs-fold amount of water. Crystallization of
the purified DL-4-amino-3-isoxazolidone was initiated
by the careful addition of ethanol in the cold.

Example 5

17.6 parts by weight of sodium hydroxide were dis-
solved in 70 parts by volume of water and the solution
was cooled to 5° C. There were introduced into the so-
lution in small portions 9.8 parts by weight of hydroxyl-
amine hydrochloride and then 17.4 parts by weight of
L - o - amino - 8 - chloropropionic acid methyl ester
hydrochloride so that the temperature did not exceed 10°
C. The mixture was cooled for 3 hours while cooling
with ice. It was then warmed for 12 minutes at 60° C.,
cooled to about 5° C. and the pH was then adjusted to
6.2 with alcoholic hydrochloric acid. While stirring and
cooling with ice, the mixture was treated with 2000 parts
by volume of alcohol and permitted to stand for 6 hours.
The precipitated mixture of sodinm chloride and L -4 -
amino - 3 - isoxazolidone was separated by filtering under
suction. This. residue was finely pulverized and was
warmed in a mixture of 400 parts by volume. of alcohol,
2 parts by volume of water and 6.7 parts; by weight of
diethylamine for 15 minutes at 60° C. with- stirring. The
precipitated sodium chloride- was separated by filtration
and the clear solution was cooled to about 5° C. Glacial
acetic acid was added while stirring and cooling with ice
until a sample diluted with water showed a pH of about
4.8 to 5.0, whereupon L - 4 - amino - 3 - isoxazolidone
began to crystallize. After 4 hours pure L - 4 - amino-
3.isoxazolidone was separated by filtering under suction,
M. P. 156° C., [alp®2=—115° (C.=1.0 in-water).

Example 6 .

35 parts by weight of sodium hydroxide were dissolved
in 75 parts by volume of water and cooled to —5° C. 20
parts by weight of hydroxylamine hydrochloride. and
34.8 parts by weight of D - « - amino - 8- chloropropionic
acid methyl ester hydrochloride were introduced portion-
wise at —3° C. The mixture was stirred for an hour
at 0° C. and then warmed for an additional hour at
25.98° C. The mixture was then cooled to —10° C.
and acidified to 2 pH of 5.6 with alcoholic hydrochloric
acid. It was then poured into an ice cold solution of 40

parts by weight of diethylamine in 100 parts by volume

of ethanol. The diethylamine-alkali solution was poured
into 1100 parts by volume of ethanol at 60° C., held at
this temperature for about 10 to 15 minutes, then cooled
to —5 to —10° C. and then filtered from the sodium
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chloride. The clear filtrate was adjusted to a pH of 6
at —12° C, with about 23 parts by weight of glacial acetic
acid and then seeded with D - 4 “amino - 3 - isoxazolidone.
The mixture was permitted to crystallize at —18° C, with
occasional stirring. The crude D - 4 - amiino < 3 - isox-
azolidone crystals were filtered under suction and purified
by means of the acid tartrate, M..P. 140° C,
[alp®=1114.5-115° (C=1 in water).

Example 7

87.5 parts by weight of sodium hydroxide and 0.5 part
by weight of sodium sulfide were mixed with 35 parts by
volume of water. After the major portion of the sodium
hydroxide went into solution, 350 parts by volume of
methanol were added and the mixture was held at ap-
C. until the solution became clear. The
solution was then cooled to —9 to —10° C. and was
held at this temperature under intensive stirring while a
warm solution (30° C.) of 50 parts by weight of hy-
droxylamine hydrochloride, 15 parts by volume of water
and 150 parts by volume of methanol were run in. Then
a solution of 87 parts by weight of DL - chloroserine
methyl ester hydrochloride in 125 parts by volume of
methanol was dropped in at —10° C. with continuons
stirring and the mixture was stirred for ain additional
hour.

In order to separate the inorganic salts, the mixture
was stirred for 3 hours with 60 parts by weight of sodium
sulfate at —15° C., the inorganic salts were separated
and the salt was washed with methanol. The pH of the
combined filtrates was adjusted to 6 with glacial acetic
acid in the cold. It was seeded with DL - 4 - amino - 3 -
isoxazolidone at —10° to —15° C. and the crystallization
was completed after about 3 to 4 hours. The crude DL-
4-amino-3-isoxazolidone was separated and purified by
the addition of sodium acetate and the formation of the
diethanolamine salt, M. P. 140-141° C.

Example 8

A solution containing 38 parts by weight of DL - 4 -
amino - 3 - isoxazolidone, obtained as in Example 7, was
mixed with 700 parts by volume of ethanol at —10 to
—15° C. for 30 to 45 minutes. The precipitated sodium
chloride was washed out with a small amount of methanol
and filtered. The filtrate was adjusted in the cold with
acetic acid to a pH of 6.0 to 6.05. The crystalline DL-
4-amino-3-isoxazolidone was isolated as described in Ex-
ample 7.

Example 9

35 parts by weight of sodium hydroxide were dissolved
in 75 parts by volume of water and the solution was
cooled to —5° C. 20 parts by weight of hydroxylamine
hydrochloride and then 37.6 parts by weight of DL-threo-
e-amino-g-chloro butyric acid methyl ester hydrochloride
were introduced portionwise at —3° C.. [DL-threo-g-
amino-g-chloro butyric acid methyl ester hydrochloride,
M. P. 159-161° C., was prepared by chlorinating DL-
allo-threonine methyl ester hydrochloride, M. P, 144~
145° C., with phosphorus pentachloride according to the
method of Kinoshita et al., C. A., 46, 3005 (1952)1.
The mixture was stirred for 3 hours at 0° C. and then
warmed for an additional hour at 25-28° C. - After cool-
ing to —10% C., the mixture was acidified with alcoholic
hydrochloric acid to a pH 5.6 and 40.2 parts by weight
of diethylamine cooled to 0° C. were added. The diethyl-
amine-alkali solution was poured into 800 parts by volume
of ethanol at 60° C., held at this temperature for 10-15
minutes. It was then cooled to 0 to +2° C. and separated
from precipitated sodium chloride. The clear filtrate was
adjusted to pH 6.0 with glacial acetic acid at 0° C. and
permitted to crystallize overnight at —10° C. The crys-
tals were separated by filtering under suction. 'The crude
DL-allo-5-methyl-4-amino-3-isoxazolidone was purified by
reprecipitation by means of diethylamine and glacial
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acetic acid in aqueous alcohol. The compound displayed
the following characteristics:.no definite melting point,
decomposing between - 160-170° C.; paper chromatog-
raphy (Schleicher-Schiill Paper No. 2043 b, descending):

solvent: - isopropanol-conc. NH,OH—H,0, 80:2:18,

Ry=0.27, identification with ninhydrin; U, V. absorption:

A max.=224 mu, E=4200, in water.

Example 10

35 parts by weight of sodium hydroxide were dissolved
in 75 parts by volume of water and the solution was
cooled to —5° C. 20 parts by weight of hydroxylamine
hydrochloride and then 37.6 parts by weight of DL-allo-
e-amino-g-chloro butyric acid methyl ester hydrochloride
were introduced portionwise below --3° C. [DL-allo-a-
amine-g-chloro butyric acid methyl ester hydrochloride,
M. P.-167-169° C., with dec., was prepared by chlorinat- -
ing DL-threo-threonine methyl ester hydrochloride, M. P.
122-124° C., with dec., with phosphorus pentachloride
according to.the method of Kinoshita et al, C. A., 46,
3005 (1952)1. The mixture was stirred for one hour at
0° C. and then warmed for an additional hour at 25-28°
C. After cooling to —10° C., the mixture was acidified
to pH 5.6 with alcoholic hydrochloric acid, 40.2 parts
by weight of diethylamine, cooled to 0° C., were added.
The diethylamine-alkali solution was poured into 800
parts by volume of ethanol at 60° C., held at this tem-
perature for 10-15 minutes, cooled to 0 to +2° C. and
separated frem precipitated sodium chloride, The clear
filtrate was adjusted to pH 6.0 at 0° C, with glacial acetic
acid and permitted to crystallize overnight at —10° C,
The crystals were separated by filtering under suction.
The crude DL-threo~5-methyl—4-amino—3-isoxazolidone
thus obtained was recrystallized from water-alcohol
and showed the following characteristics: no definite melt-
ing point, but decomposed between 280 and 300° C;
paper chromatography: same conditions as in Example 9,
R¢=0.22; U. V. absorption: ) max.==226 mu, E=3820,
in water.

We claim:

1. A process for the production of 4-amino-3-isoxazoli-
done compounds which comprises reacting a mixture com-
prising hydroxylamine and an ester having the formula

R1—-?H-—-CH——C OOR:
X NH;

wherein R; represents a member of the group consisting
of hydrogen, alkyl, aryl and aralkyl, R, represents alkyl
and X represents halogen

with a strong base in the presence of water.

2. A process according to claim 1 wherein a salt of
hydroxylamine and a salt of the ester are used as starting
materials.

3. A process which comprises reacting hydroxylamine
and e-amino-g-chloropropionic acid methyl ester with a
strong base in aqueous medium.

4. A process as in claim 3 wherein the strong base is
alkali metal hydroxide.

3. A process which comprises reacting a mixture com-
prising hydroxylamine and an ester having the formula

Rl—(IDH—(l)H—C OCOR:
X NH;

wherein R; represents a member of the group consisting
of hydroggn, alkyl, aryl and aralkyl, R, represents alkyl
and X represents halogen

with a strong base in the presence of water, acidifying the
alkaline reaction solution obtained with a mineral acid to
a pH slightly below 6, adjusting the solution so as to react
alkaline .to phenoclphthalein by the addition of a lower
alkylamine; introducing the solution into a member of the
group comsisting of aliphatic lower alkyl alcohols' and
ketones, separating the precipitated halogen salts, acidify-
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ing and cooling the solution remaining and isolating the 4-
amino-3-isoxazolidone compound which crystallizes.

6. A process which comprises reacting a mixture com-
prising hydroxylamine and an esier having the formula

Ri—CH—CH-—-COOR:
X NE:

wherein R, represents a member of the group consisting of
hydrogen, alkyl, aryl and aralkyl, R, represents alkyl
and X represents halogen

with a strong base in the presence of water, acidifying the
alkaline reaction solution obtained with a mineral acid, in-
troducing the acid solution into a member of the group
consisting of aliphatic lower alkyl alcohols and ketones,
separating the crystalline precipitate and suspending it in
an aliphatic lower alkyl alcohol, adding a lower alkylamine

10

and separating the precipitate which forms, acidifying and
cooling the solution remaining and isolating the 4-amino-
3-isoxazolidone compound which crystallizes.
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